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its	cost	and	energy	efficiency	when	compared	with	conventional	separation	techniques.	 In	addition,	 introducing	the	technology	enables	many	 industries	 to	become	eco-friendlier	by	 facilitating	the	recycling	of	waste	materials	and
resources	recovery	[2].
Substantial	 effort	 has	 been	 devoted	 in	 the	 last	 few	 decades	 to	 fabricate	 synthetic	 polymeric	 membranes	 with	 desired	 selectivity,	 permeability,	 structure	 and	 physiochemical	 properties.	 Numerous	 synthetic	 membranes
structures	have	been	produced	via	a	variety	of	techniques	and	synthetic	materials.	One	of	the	most	notable	techniques	is	the	phase	inversion	(PI)	or	phase	separation	(PS)	technique,	induced	by	immersion	precipitation,	and	most	of	the
















distribution	and	pure	water	 flux	was	observed	along	with	 lower	mechanical	properties	and	wider	cross-section	morphologies.	However,	 this	 impact	was	 trivial	on	water	contact	angle,	 surface	 roughness	parameters	and




















fouling	does	not	 only	 depend	on	membrane	properties	 but	 also	 on	 the	 complexity	 of	 the	 foulants’'	 composition,	 their	molecular	weight	 and	 the	 charge	 of	 organic	 compounds,	 alongside	 the	hydrodynamic	 conditions	 and	 solution
chemistry	[10].	Solution	chemistry	is	critical	for	controlling	the	charge	and	configuration	of	organic	foulants	that	will	influence	the	intramolecular	and	molecules-membrane	interactions,	and	hence	membrane	performance	[11].	More
















Membrane	ID PES	wt.% NMP	wt.% PVP	K30 wt.%
PES22 22 76 2
PES20 20 78 2
PES18 18 80 2








Pure	water	 flux	(PWF)	and	organic	 filtration	experiments	were	conducted	under	a	crossflow	condition	with	an	active	membrane	area	of	12.6 cm2	and	controlled	temperature	of	20 ± 0.5 °C.	After	30 min	compaction	 time	at
0.5 MPa,	the	pressure	was	reduced	to	0.4 MPa	and	the	DI	water	permeate	flux	recorded	automatically	every	1 min,	using	data	collection	software	interfaced	with	an	electronic	balance.	The	automated	software	converted	the	permeate
weight	data	received	from	the	balance	into	a	flux	and	recorded	the	values	on	an	excel	spreadsheet	for	previously	set	membrane	area	and	time	intervals.	For	the	evaluation	of	UF	membrane	performance,	the	pH	and	concentration	of
the	organic	molecule	 in	 feed	 solutions	were	varied.	After	 the	compaction	with	DI	water,	 the	permeate	 flux	 (Ll/m2.·hr)	 decline	was	 recorded	as	described	earlier	 for	PWF,	and	 the	 relative	 flux	 (RF)	 in	 (%)	was	used	 to	express	 the
correlation	of	the	permeate	flux	to	the	pure	water	flux	of	the	respective	virgin	membrane.	While	rejection	values	(R%)	of	the	membranes	were	determined	by	the	Equation.	(1):

















































Membrane Polymer	wt.% Ra	(nm) Rms	(nm) Rmax
PES22 22 1.81 2.28 19.39
PES20 20 3.26 4.12 56.58
PES18 18 3.79 4.77 32.09












Membrane	ID Polymer	wt.% μp	(nm) σp MWCO
PES22 22 2.177 1.67 6 kDa
PES20 20 2.935 1.54 10 kDa
PES18 18 4.41 1.89 35 kDa




































PES22 22 6.358 39.5467 110.84
PES20 20 5.391 35.7333 100.12
PES18 18 4.394 27.2 90.596
PES16 16 3.372 22.2 73.85
3.1.6.3.1.6	Pure	water	flux	and	hydrophilicity/hydrophobicity	of	membranes.
A	distinct	inverse	correlation	has	been	unsurprisingly	observed	between	the	hydraulic	permeability	and	polymer	concentration	of	fabricated	membranes	(Fig.	7).	Increasing	the	PES	polymer	concentration	from	16 wt.%	to	18 wt.%	led	to	a	decrease















































molar	mass	 distribution	 that	was	 unable	 to	 penetrate	 such	 low	 cut-off	membranes.	 For	 the	 higher	MWCO	PES18	membrane,	 a	 slight	 flux	 decline	 can	be	 observed	 at	 the	 initial	 filtration	 stage	 suggesting	 that	 pore	 blocking	 and
narrowing	occurred.	This	was	followed	by	a	progressively	increased	decline	without	any	sign	of	reaching	the	quasi-steady-state	flux,	Fig.	10D.	The	PES16	membrane	manifested	a	prompt	and	a	severe	relative	flux	decline	mainly	at
acidic	conditions,	Fig.	10E.	The	 lower	retention	and	the	higher	 flux	decline	magnitudes,	observed	at	 low	pH,	are	suggested	to	be	 induced	by	the	solution	pH	and	 its	 influence	on	the	molecular	size	of	 the	polysaccharide,	as	acidic
conditions	 can	 influence	not	 only	 the	 structure	 of	NaAlg	molecules	 but	 also	 their	 electrostatic	 repulsion	with	 the	membrane	 surface	 [32].	 The	 lower	 intramolecular	 electrostatic	 interactions	 resulting	 from	 the	protonation	of	 the












by	the	 feed	solution	chemistry	 (pH),	where	 lower	rejection	values	were	observed	at	acidic	conditions	 for	all	membranes,	Fig.	12A.	 It	should	be	noted	that	retention	and	permeate	 flux	behavior	 in	UF	membranes	can	be	related	to
different	mechanisms,	 for	 instance,	different	experimental	conditions	may	result	 in	different	 fouling	mechanisms	or	protein	characteristics	 [34].	Depending	on	the	pore	size	distribution	of	 the	membrane	applied	 for	BSA	filtration,






follow;	at	pH	below	the	 IEP	point	of	BSA,	 the	protein	molecules	possess	positive	charges	while	 the	membrane	continued	 to	have	a	negative	zeta	potential	over	 the	entire	pH	range,	as	 indicated	 in	Section	3.1.4.	At	 this	point,	 the
electrostatic	repulsion	between	BSA	and	the	membrane	surface	was	significantly	reduced	and	the	membrane	surface	acquired	the	BSA	electrostatic	charge	as	a	result	of	adsorption,	leading	to	a	faster	deposition	rate	on	the	surface	of








which	 was	 facilitated	 by	 the	 weak	 protein-membrane	 interactions	 at	 low	 pH	 [36].	 Another	 possible	 explanation	 for	 the	 lower	 relative	 flux,	 in	 this	 case,	 is	 that	 high	 level	 of	 protein	 denaturation	 that	 was	 induced	 at	 acidic
conditions,		which	would	consequently	form	aggregations	at	pH	below	the	IEP	[37].
In	regard	 to	 the	 influence	of	BSA	concentration	on	 the	retention	of	 the	membranes,	Fig.	13A	indicated	that	all	membranes	maintained	high	rejection	characteristics	 (98‐–99.5	%)	 to	BSA,	with	a	very	slight	 improvement	 in
retention	coefficients	of	membranes	as	the	initial	feed	concentration	increased.	While	the	relative	flux	decline	was	only	significant	for	membranes	with	wide	porous	structure	(PES18	and	PES16),	Fig.	13B‐13–E.	The	reason	behind	this
flux	reduction	was	because	of	a	higher	mass	transfer	coefficient	at	the	higher	concentration	and	a	thicker	cake	layer	would	appear	earlier	on	the	surface	of	membranes.












PES22 PES20 PES18 PES16
pH 4 pH 7 pH 10 pH 4 pH 7 pH 10 pH 4 pH 7 pH 10 pH 4 pH 7 pH 10
HA
FT 5.993 ‐−9.342 ‐−8.094 4.854 ‐−7.71 3.373 15.61 1.002 ‐−0.97 63.41 53.83 57.719
FRev 8.508 0.105 ‐−2.253 4.358 ‐−5.83 2.682 4.133 0.733 1.245 9.2841 5.464 8.7039
FIrr ‐−2.52 ‐−9.447 ‐−5.841 0.496 ‐−1.88 0.691 11.48 0.269 ‐−2.22 54.126 48.37 49.015
NaAlg
FT 4.188 1.521 4.22 3.886 4.414 2.659 34.89 13.17 20.24 73.471 62.41 60.641
FRev 1.742 0.181 1.807 3.676 3.729 2.071 30.84 6.955 17.52 63.851 51.1 52.316
FIrr 2.446 1.34 2.413 0.21 0.685 0.588 4.049 6.212 2.727 9.62 11.31 8.3257
BSA
FT 3.636 4.211 4.401 3.631 2.222 2.453 11.96 4.67 2.095 55.656 33.61 29.428
FRev 1.571 2.456 1.738 2.46 0.461 0.231 1.145 1.141 0.257 12.158 8.745 5.779
FIrr 2.065 1.755 2.663 1.171 1.76 2.222 10.81 3.529 1.838 43.497 24.87 23.649
Table	6	Total,	reversible	and	irreversible	fouling	data	of	membranes,	as	a	function	of	initial	feed	concentration.
alt-text:	Table	6
PES22 PES20 PES18 PES16
20 ppm 60 ppm 100 ppm 20 ppm 60 ppm 100 ppm 20 ppm 60 ppm 100 ppm 20 ppm 60 ppm 100 ppm
HA
FT ‐−9.34 ‐−9.945 ‐−10.51 ‐−7.708 ‐−3.69 ‐−8.45 1.002 1.87 2.086 53.829 55.73 60.781
FRev 0.105 ‐−5.701 ‐−5.226 ‐−5.83 ‐−2.96 ‐−7.51 0.733 0.144 0.454 5.4636 6.72 13.636
FIrr ‐−9.45 ‐−4.243 ‐−5.288 ‐−1.878 ‐−0.74 ‐−0.94 0.269 1.726 1.632 48.366 49.01 47.144
NaAlg
FT 1.521 2.994 9.408 4.414 4.743 10 13.17 20.61 24.85 62.408 75.02 78.529
FRev 0.181 2.283 3.188 3.729 4.117 7.2 6.955 19.05 23.41 51.097 66.99 70.41
FIrr 1.34 0.71 6.22 0.685 0.626 2.8 6.212 1.562 1.442 11.311 8.022 8.1197
BSA
FT 4.211 13.53 10.4 4.571 3.861 2.903 4.67 9.576 12.06 33.613 49.06 48.578
FRev 2.456 10.54 8.14 2.811 2.683 2.107 1.141 4.314 2.526 8.7454 8.357 17.23
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